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(Study of nonmetallic inclusions in iron and steel with an electron microscope—I)-

Kiichi Narita and Kenji Mori.

Synopsis: .

The titanium carbide in titanium-containing steel was studied with an electron-microscope
and by means of electron diffraction. The result was compared with the data of chemical
analysis and the crystal grain size of the steel. There were found some close relations
among them. _

-Changes of particle size of precipitates in accordance with different heat-treating tempera-
tures and contents of solutes in the steel were observed. In the steel A (C=0°085%, Ti=
0°22%) the particle size of the precipitate was about 100A at 900°C and S0mu~p at 1100°C.
On the other hand, in the steel B (C=0-32%, Ti=0"'46%), several microns particles were
observed at various temperatures.

The lattice constant of titanium carbide was decreased gradually from 4-33A to 4'27A;
when the temperature rose from 900°C to 1300°C. It was considered that the composition of
the carbide was changed with heat-treating temperatures.

There were found a close relation between the ¢rystal size of the steel and the quantity
of precipitates. It was presumed that the quantity of préecipitated carbide was a dominant

factor for the crystal grain size in Fe-Ti-C system.
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Table 1. Analysis of steels (9).
Steel Ke } Ti 0 N
A 0085 ; 0-22 0+002 00015
B 0-32 | 046 ’ _ 0°0044 0°0013
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~and heat-treating temperatures.
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Steel B
Electron micrograph of the steel
A and B quenched from 900°C.
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Photo. 1.
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Table 2. Amnalysis of the residue treated with hydrochloric acid after %%[’E’]?ﬁ X 5
quenching from various temperatures. EFERO DN 5
SMA B "B
Steel A Steel B WA % & U B O
Temperatures : HH R F O KX
(°C) . .. | Atomic ratio . ; Atomic ratio -
Ti(%) | C(%) | AT Ti%) | @) | A8 <pisbic 100A
850 0-217 0°053 0973 0459 0°118 103 =} Hx .,
200 0212 0°051 0°959 0*459 0°118 1+03 &Ea Sxb
1000 0187 0+044 0°938 0459 0*115 1400 XEXWEHLI-ETF
1100 0°128 0030 0°973 0455 0°111 0972 o £t N
1200 0°0195 0003 07616 0442 0108 0+974 FRMEERH» SHRIE
1300 00065 — —_ 0*409 —_ —
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Steel A Steel B
Photo. 2. Electron-diffraction pattern of
precipitates in the steel A and B quenched
from 900°C. '

Table 3. Spacings of precipitates in the steels
quenched from 900°C (A)

Hkl Steel A;Steel B TiC (ASTM)*;LTiC calc**

111 i 248 | 2°50 2508 . 2+490
200 | 2716 ' 2+18 | 2°179 | 24157
220 | 1°52 | 1°52 1°535° 1°529
311 | 1°30 | 1-30 | 1+311 | 1+301
222 ' 1°24 - 1+25 1°255  1+245
400 | 1 i 1°086 | 1-078
331 | 0995 ' 0°995 0°997 . 0°9%0
420 | 07965 07973 , 097l | 0°965
422 ' 0°885 ' 0°885 : 0-884 | 0°880

* ASTM X ray powder data file

**  Calculated from Eherlich’s data.
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Steel A )
Photo. 3. Electron micrograph of the steel
A and B quenched from 1100°C.
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Steel A Steel B

Photo. 4. Electron micrograph of the steel
A and B quenched from 1300°C.
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Steel B
Photo. 5. Crystal growth of steels (by means of
vacuum etiching).
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Fig. 2. Relation between the crystal grain
of steel and the carbon and titanium con-

tents in the residue.
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Behavior of the Change of Carbides due to Heat-Treatment
in the High-W High-Co High-Speed Steel.

(Study on the carbides in high speed steels by electrolytic isolation— III)

Sadao Koshiba, Shin Kimura and Hideki Harada.

Synopsis:

In order to research the carb{des reaction in high speed steel, the authors already reported
some experimented results on low-W and high-W steel (Tetsu-to-Hagané, (1958), p. 1186,

(1959), p. 608).

-

In this report, a study was made on the chemical composition,the crystalline structure, and
the particle size of carbides which had been electrolytically isolated from several heat-treated

high-W high-Co high speed steels (X000).
The following results were obtained:
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